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α2(γ2, γ3) · · ·R
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T ⊗ T ′ =
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AT ′ BT ′
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T ⊗ T ′ =
NL@A:^rK
R−1T ′ ⊗ T R =
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2.2. Correlation lengths in the transfer matrix approach

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2.3. The six-vertex model
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2.3.1. Origin of the six-vertex model
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a = exp(− 1
kT
) c = exp(− 3
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σ1 + σ2 + σ3 = σ4 + σ5 + σ6
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6= 0 = 0





















µ1 = µ2 = +⇒ µ3 = − ⇒ R = 0


µ1 = µ2 = − ⇒ µ3 = +⇒ R = 0
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2.4. Classification of phases
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−1 < ∆ < 1
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a, b, c = % sinh(λ+ u), % sinh(u), % sinh(λ)
u, λ > 0
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a, b, c = % sinh(λ− u), % sinh(u), % sinh(λ)
0 < u < λ
+wcdOX@ 
 O?HLGPNLGPk?K bKMGP=?[yNJH 3
∆ = − cosh(λ)
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a, b, c = % sin(λ− u), % sin(u), % sin(λ)
0 < u < λ
:8;T
0 < λ < pi
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2.5. The relation between quantum chains and
two-dimensional classical models
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α(µ, ν) = R¯
µ
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B(v)A(u)R++++(v − u) = R
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c(u− v)b(v − u)
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sinh (v˜k − v˜j + iλ)
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2.6.1. Bethe ansatz equation for the quantum transfer matrix
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3. The XXZ-Heisenberg model
3.1 Spin models 31
3.1. Spin models
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3.3. The non-linear integral equations (   ) for the















3.3.1. The non-linear integral equations
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, A(x) = 1 + a(x),
a¯(x) = p(x+ i
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k (x− y) lnA(y) dy −
∞∫
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k (x− y − iγ + i) lnA(y) dy,













k (x− y) ln A¯(y) dy −
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k (x− y) lnA(y) dy −
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k (x− y − iγ + i) lnA(y) dy,




























k (x− y) ln A¯(y) dy −
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K ′(x) = 2pii k(x)
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k (x− y) lnA(y) dy −
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k (x− y) ln A¯(y) dy −
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3.3.2. Description of the string motion
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3.3 The non-linear integral equations (
,/.102)
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or left, corresponding to a degenerate
1- and 2-string.
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sinh pipi−γ (y+ − y− − iγ)
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3.4 Crossover in the correlation length 43
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 Degeneracy manifesting in the correlation length
1−string
2−string










Degeneracy of string solutions
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Crossover in correlation length of the XXZ chain











Deviation from 2kF = pi oscillations
















4. The Drude weight at finite temperature
4.1 Linear Response and Drude weight at T = 0 47
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4.1. Linear Response and Drude weight at T = 0
`Ob bKb :8yNNLOVK
;BI:*GI81[>Ob NJ[>K E@A<;T>K3bKMGP=?[yN: 










;BPGPK6T KMBPK6^rNL@JGI^M:*B  KMBIT  #KM@JK bK cdOXBPBPOb NJ[>K T>K6HJ^r@JG 
;NLGPO?8 =XGPk?K685GI8
EV:*=XOXNLNLO?H@JKMk_GPKMb      K ^rO?8;HLGIT>KM@VNJ[>K [;:\&GPBPNLO?8>GI:8














 "!$#F* .SWF8-%. 2&83, #&83< Wﬃ?83C51A< <K* 2-,%+3C"1A4&< %J/"#G1A* 2&.L &83C;,#&%>WF%< ,"1 ?D&2&/,* 82O8.82 +	13.
  	
V?83C %=&139;:&< %5,#&%
9 89 %2-,"1 1AC%(C%1A<6?83C(1A< < %* +%2&.,"1A,%.L
M!$#&%	G2F* ,%2&%..08A?@,#&%(2ﬁD&9 46%C08A?@D&2ﬁ2&8'02>?D&2&/,* 82&.K* .E1A< C%1WﬁH>+3* P-%2J* ?
γ
pi
* .E1 C"1A,* 82G1A<I2ﬁD&9 46%CL
48 The Drude weight at finite temperature
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4.1.1. Twisted boundary conditions and external fields
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4.1.3. Drude weight at arbitrary temperature
7wN GIH1^rBPK6:*@1NJ[;:*N1NJ[>K"BPGI8>K6:*@&@JK6H 
 O?8;HLKUOXcaNJ[>K)H 6>HLNLK6\
NLO :8 : 

;BPGPK6T }<hGIHm8>OXNmO?8>B96h@JK6HLNL@JGI^fC






 KM@JNJ<>@5 K6ThH 6>HLNLK6\ 

[ <;H  NJ[>K)HJ:\&K"^M:*BI^M<>BI:*NLGPO?8 ^M:8? K 





 #ObKMk?KM@ bK)8>KMK6T :NJ[>KM@A\&O_T 6>8;:\&GI^M:*B cdOX@LC































































;@JO;BPK6\ [;:H/ KMK68h@JK6T;<;^rK6T NLO NJ[>K"^M:*BI^M<>BI:*NLGPO?8 OXcaNJ[>K)^M<>@JkX:*NJ<>@JKUOXcaK68>KM@J=6 BPKMk?KMBIH   O
ct:*@  bK&[;:Mk?K L<;HLNH 
 OWyK68 :@ O?<>N^rO?8;T;<;^rNLGPk_GPN 6 GI8 NJ[>K1HLK68;HLK1OXc\&Ok_GI8>=)^A[;:*@J=XK]^M:*@J@JGPKM@AH   <>N
:H bK":*@JK)^rO?8;^rKM@A8>K6T baGPNJ[ NJ[>K
XXZ
C \&O_T>KMB bK)[;:Mk?K"NLO5NJ[>GI8_W :@ O?<>N NJ[>KU@JKMBI:*NLGPO?8(OXcH 
;GI8
:8;T"^A[;:*@J=XKNL@A:8;H 
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4.2. The Drude weight with magnons
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∆ = cos γ
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0 ≤ ∆ ≤ 1
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sinh 12γ(xα + i)






sinh 12γ(xα − xβ + 2i)




































α + (n+ 1− 2k)i+O(e














xα,− = xα + iν +O(e
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a ∗ b(x) =
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ln ηj = −2ν sin(pi/ν)Jajβ +
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k=1
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4.3. The connection between standard TBA and the quantum
transfer matrix approach
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k(x) = i log
sinh(x− iγ/2)
sinh(x+ iγ/2)
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4.4. Alternative derivation of the Drude weight
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α = −T ln(ρ
h
α/ρα)
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ln aα(λ)︸ ︷︷ ︸
−βα
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ϕα = 1 + e







b[>GI^A[ HJ[;:*BPB  KT>K68>OXNLK6T= 6)T>OXNJH
ϕα(g˙
(1)





















































 NLO)HLK6^rO?8;T OX@AT>KM@ HVNJ[>K/ @AHLNVOX@AT>KM@^rOX@J@JK6^rNLGPO?8
NLKM@A\GIHaBPGI8>K6:*@ZGI8
φα


























4.4 Alternative derivation of the Drude weight 61
:8;TNJ[>K HLK6^rO?8;TT>KM@JGPkX:*NLGPk?K OXcSNJ[>GIHaGIH

























;BPK)NJ[>GIH GIH NJ[>K"T>KM@JGPk?K6T @JK6HJ<>BPN   <>N NJ[>GIH K
;@JK6HJHLGPO?8 GIH 8>OXNmHJ<>GPNJ:@;BPK"cdOX@ 8 <;\&KM@JGI^M:*B
HLNJ<;T>GPK6HZ:HVKMk?K685GI85NJ[>K cd@JKMKrC9cdKM@A\&GPO?8 ^M:HLKmNJ[>K GI8;T>GPk_GIT;<;:*B GI8yNLKM=X@A:*BK
;@JK6HJHLGPO?8;HZ:*@JKmT>GPk?KM@J=XGI8>=  
[>ObKMk?KM@3NJ[>K^rO?\























798NJ[>K cdOXBPBPObaGI8>=)bK BPK6:Mk?K O?<>N
∑
α




































ϕα = 1 + e
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x = −γ
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− [ln(1 + aα)]
·· = (lnAα)
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D(γ) = pi sin γ4γ(pi−γ)
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5. Summary and outlook
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q = exp(−piK ′/K), 0 < q < 1
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h(u+ i2K) = −h(u)























































i, j, k, n
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{1, 2, 3, 4}
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∆ :=
a2 + b2 − c2 − d2
2(ab+ cd)
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a = % sinh(λ− u)
b = % sinh(u)
c = % sinh(λ)




798&+    3bK [;:T)NJ[>Kcd@JKMK6T>O?\NLO&GI8yNL@JO_T;<;^rK :mct:^rNLOX@
i
7wcbK T>O]8>OXNT>O]HLO&bK=XKMN
a = % sin(λ− u)
b = % sin(u)
c = % sin(λ)

























 73m=?:*GI8>K6T 6hNJ[>K  A\]:*=?8>O?8 2: 










ln η(x) = β(x) +
∫
C+

























































































[>KUK_<;:*NLGPO?8;H&[;:Mk?K)NLO  KUGI8yNLKM=X@A:*NLK6T{O?8;^rK:8;T NJ[>K)^rO?8;HLNJ:8yNJH&:*@JK)T>KMNLKM@A\&GI8>K6T  6 NJ[>K"@JKrC
_<>GP@JK6\&K68yNVNJ[;:*NNJ[>K @JKM=?:*@AT>K6T ct<;8;^rNLGPO?8;H[;:Mk?K1^rO?8;HLNJ:8yN:H 6>\
;NLOXNLGI^MH  g_@JO?\ NJ[>K1^rO?\
 :*@JGIHLO?8
NLO K_<;:*NLGPO?8 +   73 bKHLKMK κˆ
1+κˆ = kˆ
 798 NJ[;:*N]\]:8;8>KM@mO?8>KO;NJ:*GI8;H&NJ[>K)K_<;:*NLGPO?8;H&NJ[;:*N&:*@JK


























D. Derivation of the non-linear integral
equations for the XXZ-Heisenberg model
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D.1. Integral equations for the leading eigenvalue Λ0
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k (x− y) lnA(y) dy −
∞∫
−∞
k (x− y − iγ + i) lnA(y) dy,
































k (x− y) ln A¯(y) dy −
∞∫
−∞
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D.2. Excitations I: pure two hole case
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k (x− y) lnA(y) dy −
∞∫
−∞
k (x− y − iγ + i) lnA(y) dy,















































k (x− y) ln A¯(y) dy −
∞∫
−∞
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D.3. Excitations II: 1-string case
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k (x− y) lnA(y) dy −
∫
Γ˜
k (x− y − iγ + i) lnA(y) dy

































k (x− y) ln A¯(y) dy −
∫
Γ˜
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D.4 Derivation of the integral expressions for the second strip 83
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a(x) = 1/a(x − iγ)
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(~r) = eikx1unk(x1, . . . , xN ),
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